-²) and randomly placed in nine cubicles, with three replicates of each density. Twelve observations of the snail behavior were made between 12 am and 1 pm. The categories selected as "discrete acts" include: observing the snails in the shelters, on Swiss chard leaves (Beta vulgaris), adhered to the netting, on the balanced feed, on the water supply tray, and on the ground. A statistical analysis employing marginal and partial frequency tests was completed on the density x category x time interactions. It was concluded that around midday, the majority of the snails remained in the artifi cial shelters and on the Swiss chard monoculture leaves. In addition, differences were not detected for the rest of the categories in regard to the spatial distribution of the individuals in the three densities analyzed. If lower densities than the ones most commonly employed in studies (200 snailּm -²) are used in an open outdoor system in the fattening stage, the individuals will use the available space in a similar way, thereby exhibiting similar behavior patterns.
Introduction
Mollusks are the second most frequently found group of animals, after arthropods, in wild terrestrial fauna. Their great diversity and capacity for organizing a wide spectrum of biotypes resides in this species' adaptive capacity. Although mollusks have not been able to control the desiccation of their body surface, resulting in the loss of a considerable quantity of water in the production of slime for their movement, they have developed mechanisms that allow them to survive in conditions of drought, scarcity of food, high or low temperatures, and excessive sunshine and/or wind.
The life cycle of the land snail (Helix aspersa Müller) presents phases of activity and inactivity as a response to environmental variations. When facing adversity, they enter into a lethargic state by selecting a protected place, going inside their shell and maximally reducing their metabolic activity. Emergence from this lethargic state leads to intense feeding, movement, and reproduction , 2001 Madec et al., 2000) .
The geographic distribution of land snails is regulated, in part, by climatic conditions, latitude and the nature of the substrate upon which they reside. Man has introduced certain species of snails into zones in which they wouldn't have arrived by natural distribution. In these zones, they are frequently subject to intense extractions that condition the survival of some species . The extraction of land snails from the natural environment is caused by the demand for their meat by populations with cultural roots in the consumption or preference of exotic products (Vieites et al., 2007; Arrébola Burgos, 2001 ).
The production of land snails in captivity for human consumption arose as an alternative to extraction from the natural habitat (González et al., 2005; Dupont-Nivet et al., 2000) . However, the expected results were not obtained since it has been very diffi cult to achieve a commercial scale of production (Vieites et al., 2007; González et al., 2005) .
The three systems of snail production commonly employed are: closed or indoor, mixed, and open or outdoor (Vieites et al., 2006; Arditi et al., 2003) . In these systems, the snails are placed in environments that are commonly different from the natural ones.
The most used system in Argentina is outdoor production, which consists of outdoor pens with planted vegetation that are sometimes supplemented with balanced feed or additional plants aside from those in the pens (San Román et al., 2004) . This production system is the most similar to the natural environment. However, the marked production differences between wild snails and raised snails impedes the satisfaction of market demands .
Perea Muñoz et al. (2005) , citing Savage (1931) , defi ne habitat as the physical or geographic place that provides adequate conditions for the life of an organism. "Habitat" corresponds to natural environments inhabited by native and introduced species and to environments habitually provided by man for different purposes, among them, reproduction in captivity (González, 2007) . The study of species distribution in relation to the habitat, allows for the discovery of signifi cant differences between use and availability. In regard to land snails, the natural habitat presents little opportunity for dispersal. This is associated with an intrinsic behavior called "homing behavior" (Arnaud et al., 2003) .
Individual behavior is strongly infl uenced by the natural surroundings and specifi c intra-and inter-relationships of the conformed groups in both natural and captive environments. If the environment is propitious, the stimulus perceived by the living organisms provokes favorable responses, expressed as benefi cial individual and group actions. In hostile environments, the manifestations of the individuals will be related to situations of anxiety and stress (González, 2007; Grandin, 2002; Navarro Mestre, 2000) .
According to Perea et al. (2006) , if the habitat of snails in captivity is unfavorable, growth is inhibited and the mortality rate increases. In breeding pens, zones with high density of individuals are frequently observed, as well as other scarcely inhabited zones. This may be due to selection of microhabitats according to the availability of food; if food is scarce, the individuals restrict their spatial distribution to a radius near the source of food. This causes an excess of individuals in one area at the detriment to other individuals. According to other authors (San Román et al., 2004; Lagrifa, 2003) , in an adverse environment, the specimens try to escape by adhering to the containment nets of the premises. An increase in escape attempts is seen when the quantity of edible plants decreases.
Description of animal behavior is accomplished through the observation of continuous processes or discrete acts. Continuous observation provides a large quantity of information that can be applied to the activities of the group. Discrete information describes a limited number of behavioral expressions classifi ed in categories that are grouped by function (e.g. eating, drinking, sleeping, mating, and aggression, among others). Discrete observations are seen at predetermined and regular time periods, by registering each behavior at a specifi c moment, without considering the duration of the studied activities (Slideshare, 2007) . When the observations are determined to be complete (i.e. more observation time will not add any new behavioral expressions), the list of registries is considered to be an ethogram or list of the species' behavioral patterns (Lahitte et al., 2002) .
The density of snails in the fattening stage that were mostly raised in an outdoor system was 200 snailּm -2 , far above that of their natural habitat. For example, in the Santa Lucía region of Spain, 200 snailּm -2 were estimated (San Román et al., 2004; . Baur (1992) estimated that the density of another land snail species (Arianta arbustorum) was 0.5 to 20 snailּm -2 , depending on the characteristics of the habitat (ditches, crop fi elds, or natural fi elds). Perea et al. (2006) emphasize that terrestrial and aquatic mollusks select protective microhabitats to decrease environmental stress. Land snails reject hot and dry habitats, which is the reason it is a good idea to provide them with protective shelters. The homogeneous distribution of individuals in outdoor breeding pens maximizes the use of the available habitat and minimizes the risk of sanitary defi ciencies due to overpopulation. The authors of this work propose the inclusion of various intercalated plant layers to be used as shelter, useful surface area, and food.
With the objective of determining if the distribution of snails in the habitat provided differs according to the quantity of individuals per unit of surface area in an outdoor production system, the spatial distribution of adult snails (H. aspersa) at three densities was studied along with some behavioral patterns in the fattening stage.
Materials and methods

Management conditions
Nine cubicles of 1 x 1 x 1 m were built (three per premise) inside three 3 x 13 m pens. In each cubicle, three 50 x 15 cm boards were placed at a 45º angle in relation to the ground, making an artifi cial shelter surface in addition to the plant cover. Fifty percent medium shading netting was used on the perimeter and roof. A sprinkling irrigation system was used; the control of escaping snails was foreseen as well as the possible presence of predators. For feeding and plant shelter, Swiss chard (Beta vulgaris) was transplanted. A supplement of balanced feed given to egg laying hens was provided (®Ga-nave, Argentina (González et al., 2008) ).
Experimental population
Considering that the recommended density for an open outdoor system is 200 snailּm -2 in the fattening stage (San Román et al, 2004; Lagrifa, 2002) , the spatial distribution and some behaviors at this density were studied at a pre-established time set between 12 am and 1 pm. We evaluated whether a lesser quantity of individuals per surface unit (50 and 100 snailּm -2 ) produced considerable differences in spatial distribution. Between November 8 and December 18, 2006, land snails were randomly placed in the nine cubicles with three repetitions of 50, 100, and 200 snailּm -2 in the fi nal fattening stage. During this period, 12 observations were made by previously trained evaluators who tried to cause minimal disturbance at the time of data gathering (Lahitte et al., 2002; Slideshare, 2007) .
Evaluation
Six categories were selected as a series of discrete actions that corresponded to observation of the specimens, namely: in the shelters ("In the shelters"), on the leaves of the Swiss chard B. vulgaris ("On the leaves"), adhered to the medium shade netting ("On the netting"), on the balanced feed tray ("On the feed"), on the water supply tray ("In the water"), and on the ground ("On the ground").
Design and statistical analysis
The snails were distributed in a completely random manner into one of the three treatments to adjust the population density to 50, 100, and 200 snailּm -2 , with three replicates at each density.
The frequencies of the registry for the different days were statistically analyzed using the marginal and partial frequencies test through the interactions of density x category x time (p < 0.35). A log-linear analysis (Agreste, 2007) was used that allowed for the breakdown of the total value of χ 2 into sources of variation (factors) in the same manner as in the classic ANOVA. In this case, said factors were density, category, and time.
Results and discussion
In the midday observations (12:00 am to 1:00 pm), the majority of specimens remained in the plant and/or artifi cial shelters (Figure 1) . Perea et al. (2006) indicated that the resting phase takes place in artifi cial or natural shelters, which could be interpreted as a protection strategy when facing environmental stress and predation. From the scanning (completed 12 times), it was verifi ed that with 200 snailּm -2 , 70% of the individuals remained on the leaves and in the artifi cial shelters. Seventy-six and 78% of the individuals remained on the leaves and in the shelters when a density of 100 and 50 snailּm -2 was used, respectively.
The interactions between the density, the category, and the time corresponded to χ 2 = 59.34, g.l.= 56, p < 0.35. No signifi cant interactions were detected between the density and the time or between the density and the category. However, when taking the three densities together, the time x category interaction (g.l. 28; χ 2 = 72.70; p< 0.000008) showed highly signifi cant differences in regard to the average frequencies in the categories, Shelter (4) and Leaves (5) It should be considered that the snails were feeding on the leaves or sheltered at the time of observation. It is known that midday is when snails show less activity and seek protection (San Román et al., 2004) . However, the reason it is presumed that some of the snails were feeding is reinforced upon verifi cation that between 9 and 16% of the individuals were classifi ed in the food category since they were seen on the balanced feed trays. Perea et al. (2006) recommend using plants in outdoor pens as sources of shelter, useful surface area, and food, which allows for increase in the density of the reproduction. These authors (Perea et al., 2006) proposed a park structure with several layers of intercalated plants and without additional shelters. This proposal may contradict that of other authors who recommend using monoculture techniques and balanced feed, with shelters added to the environment in the latter case (Vieites et al., 2007; González et al., 2008) . This facilitates the management of plant cultivation since there are not a variety of species requiring different vegetative conditions. The shelters increase the available space and make it possible for the snails to protect themselves from extreme temperature and humidity values. In the three densities analyzed, 3 to 9% of the specimens were seen on the ground; due to the fact that the environment was not modifi ed during the observations, it could not be distinguished if this was due to egg laying or to a habit of safeguarding and/or rest. At the conclusion of the test, eggs were collected from a state of incubation (buried), as underground egg laying and protection is described in the literature (Lagrifa, 2002; San Román et al., 2004) .
Between 9 and 16% of the individuals were classifi ed in the "In the water" category (Table  1) , since they were found on the water supply trays. In systems with supplementation of balanced feed, it is recommended that the snails have drinking water available (Lagrifa, 2002) . The scarce number of specimens observed to be adhered to the netting (from 0% to 3%), allows for the inference that they did not attempt to abandon the cubicles. Escape attempts in outdoor system premises are commonly reported in the literature. (Lagrifa, 2002; San Román et al., 2004; González et al., 2005; Vieites, 2007) . It is presumed that the desire for escape could be caused by scarcity of food (Lagrifa, 2003) , or by other factors, which have rarely been studied in snails in captivity, such as intraspecifi c competition, the high density of individuals, or the attempt to escape from an unfavorable environment.
From the analysis of the results obtained in this test, it can be concluded that if densities of less than 200 snailsּm -2 are used, as is commonly found in outdoor systems in the fattening stage, the individuals will use the available space in a similar manner, expressing similar behavior patterns and low escape attempts. 
